Abstract In this paper, starch was extracted from fresh pasta by-product (PS) and its chemical composition and physical and microscopic characteristics were determined. Commercial wheat starch (CS) was used as reference. In general, purity was similar between starches studied. However, others compounds such as protein, lipid and ash were significantly different. PS starch granules had large lenticular-shape (25-33 μm) and small spherical-shape (5-8 μm). The pH and color of PS starch were similar to those reported for CS starch. On the other hand, PS had higher water absorption capacity, viscosity and cooking stability than CS. The gelatinization temperature of PS was similar to that of CS (60 and 61°C). At high temperature (90°C) both starches had similar rheological behavior. The results achieved suggest that PS starch has potential for application in food systems requiring high processing temperatures such the manufacture of sugar snap cookie. The effects of PS starch addition on the dough making stage and the final cookie quality were analyzed. Improvements in dough cohesiveness (24 %) and springiness (10 %) were significant relative to those of CS dough. Texture profile analysis confirmed the rheological changes.
Introduction
The pasta-making process consists of few steps starting from mixing and kneading of semolina and water to supply the mechanical energy necessary to form viscoelastic dough. The latter is then formed into the desired shape with either an extrusion or a lamination step. The product, characterized by its own shape, may then be stabilized with a pasteurization treatment and sold as "Fresh Pasta" or it can be dried to obtain "Pasta" (Carini et al. 2009 ). In Tunisia, the durum wheat pasta processing industry annually generates a huge amount of a fresh pasta by-product (approximately 1,000 t) which is an important starch source (Ellouze-Ghorbel et al. 2010) .
Starch is the main storage carbohydrate of plants. It is deposited as insoluble, semi-crystalline granules in storage tissues (grains, tubers, roots) and it also occurs to a lesser extent in most vegetative tissues of plants (Lindeboom et al. 2004; Copeland et al. 2009 ). It is a major determinant of wheat yield; it accounts for 65-75 % of wheat grain weight and can exceed 80 % of endosperm weight (Labuschagne et al. 2009 ). Starch is made up of two polymers of D-glucose: amylase and amylopectin (Lindeboom et al. 2004 ) which their proportional variations and their size distribution could affect its functional properties (Dengate 1984) and therefore the starch marketing (Swinkels 1985) . Starch varies greatly in form and functionality between and within botanical species, and even from the same plant cultivar grown under different conditions. This Dorra Driss and Sameh Maktouf have equally participated to this work. S. Z. Ellouzi (*) : D. Driss : S. Maktouf : A. Kobbi : S. E. Chaabouni : R. E. Ghorbel variability provides starches of diverse properties, but it can also cause problems in processing due to inconsistency of raw materials (Copeland et al. 2009) .
Starch is present as a macro-constituent in many foods and its properties and interactions with other constituents, particularly water and lipids, are of interest to the food industry (Perry et al. 2007 ). Approximately, 60 million tones of starch are extracted annually worldwide from various cereal, tuber and root crops, of which roughly 40 % in pharmaceutical and non-edible purposes, such as fertilizers, paper, textiles, bioplastics and 60 % is used in food (e.g. bakery products, sauces, confectionery, sugar syrups, fat replacers) (Burrell 2003) . Thus, starch has been used as an ingredient and provides texture of several foods as thickener, adhesive, gelling agent, emulsion and foam stabilizer and water retention agents (Friedman 1995) . Moreover, starch properties might give useful information related to the quality of wheat products such as cookies (Ozturk et al. 2008) .
Cookies are baked products which generally contain three major ingredients, i.e. flour, sugar and fat, and have low final water contents (Chevallier et al. 2000) . More in particular, sugar-snap cookies typically contain 47.5-54 % flour, 33.3-42 % sugar and 9.4-18 % fat (Wade 1988) . The role of starch, gluten, lipids and water-soluble has been often examined in cookie making by the fractionation/ reconstitution technique and interchange studies (Fustier et al. 2008) . Cookies baked from the blends of such flour fractions may match closely the spread of those made with the native flour. Previous reconstitution studies, conducted on gluten, crude starch and watersoluble fractions isolated from various flour streams with markedly different biochemical composition revealed that the biscuits exhibited acceptable dimensional characteristics and surface appearance compared with their native flour counterparts, in a semi-sweet biscuit recipe with a flour: sugar: fat: water ratio of 100:30:8:36 on 14 % flour basis (Fustier et al. 2007 ). However, little attention has been paid to the role of gluten, water soluble and starch fractions and, more specifically, on the effect of their constituents on dough rheology and biscuit quality (Fustier et al. 2008) .
Since in literature, there are not reports describing the use of pasta by-products, as a non-conventional starch source, the aim of the present work is to extract and characterize fresh pasta by-product starch, as an alternative for application in sugar snap cookie making.
Materials and methods

Materials
The fresh pasta by-product [moisture content: 26.11 %, protein content (N×5.7): 15.54 % on dry basis (db), starch content: 78.49 % (db), ash content: 1.14 % and lipid content: 0.51 %] was kindly supplied by a Tunisian pasta industry (DIARI-SPIGA, Sfax, Tunisia). It was preserved in hermetic bags at −20°C for 10 days, at most, prior to the extraction of starch. The commercial wheat starch (CS) was from Tate & Lyle (Aalst, Belgium) and the commercial gluten (CG) was a gift from Roquette Company (Keokuk. IL). Margarine, sugar and sodium bicarbonate were purchased from a local market. All the chemicals and reagents used in this work were food grade or reagent grade.
Starch extraction
Starch was extracted from the fresh pasta by-product by hand washing method according to the method of Ellouze-Ghorbel et al. (2010) with a minor modification. This method consisted in keeping the gluten in the paste residue and having the starch pulled by the water run-off. The starch was kept in decantation, then, centrifuged at 4,000×g for 10 min. The wet starch was allowed to dry at 40°C for 24-48 h. The dry starch was then transferred to a mortar and crushed with a pestle (Kaldy et al. 1993 ). The resulting powder was sieved to pass through a 100 μm screen and stored in vacuo at 4°C.
Chemical composition
Total nitrogen, total lipid, moisture and ash contents of starch samples were analyzed according to AACC standard methods 46-30, 30-10, 44-19 and 08-01, respectively (AACC 2000) . Total protein was calculated using a multiple number of N× 5.7. The starch content was evaluated by an enzymatic colorimetric method (Khabou et al. 1996) . Damaged starch was analyzed iodometrically by a Chopin RFT (Seedburo Equipment Co., Chicago, IL) with the original calibration curve provided by Chopin Co. according to AACC standard method 76-31 (AACC 1992) . Finally, reducing sugar was evaluated using the method of Miller (1959) . pH determination A starch-water dispersion at 1 % (w/v) at room temperature was prepared, pH was determined using a Metrohm 827 potentiometer (Pérez-Pacheco et al. 2014 ).
Color measurement
The surface color of starch samples (PS and CS) was determined by using a chroma meter Minolta CR-300 (Minolta Chroma Meter, Osaka, Japan). Three color values (L * , a * and b more yellowness. The instrument was standardized against a white tile before use.
Scanning electron microscopy (SEM)
Electron micrographs of the starch granules were acquired with a Philips XL30 scanning electron microscope (Philips, Leimeil-Brevannes, France). Starch samples were stuck on a specimen holder using a silver plate, and then coated with gold by Ion Sputter (Bio-Rad SC-500, Hercules, CA). The specimens obtained were imaged under an accelerating voltage of 20 kV.
X-ray diffraction (XRD) measurements X-ray diffraction studies of the starch samples were performed using X-ray diffraction (XRD) theta-theta diffractometer (Bruker axs D8, Germany). The XRD experiments were carried out in symmetrical reflection mode with CuK α radiation (1.54Ǻ) using Göbel Mirror bent gradient multilayer optics. The scattered intensities were measured with a scintillation counter. The angular range was from 5 to 60°, in steps of 0.05°, and the measuring time was 10 s/step. The instrumental broadening was estimated as 0.03°, from a reflection of silicon. The crystalline component was determined from the diffraction pattern by subtracting the amorphous component (Krogars et al. 2003) .
Functional properties
Water absorption capacity (WAC) and Oil absorption capacity (OAC) were measured using the method of Beuchat (1977) and Abdul-Hamdi and Luan (2000) respectively. They were expressed as gram of water or oil retained by one gram of the sample on a dry basis.
Rheological properties of starch
Mixing and baking behaviors of both starches dough (PS and CS) were studied using a Mixolab (Chopin Technologies, Villeneuve la Garenne, France) with the standard "Chopin+" protocol, which allows mixing the dough under controlled temperature and also a temperature sweep until 90°C followed by a cooling step. It measures in real time the torque (expressed in Nm) produced by passage of the dough between the kneading arms, thus allowing the study of the physicochemical behavior of the constituted dough (Rosell et al. 2007; Wang et al. 2010) . For the assays, 90 g of starch were placed into the Mixolab bowel and mixed. After tempering the solid, the water required for optimum consistency was added. The hydration of two samples was fixed at 65 %. The settings used in the test were initial equilibrium at 30°C for 8 min heating to 90°C for 15 min (at a rate of 4°C/min), holding at 90°C for 7 min cooling to 50°C over 5 min (at a rate of 4°C/min) and holding at 50°C for 5 min. The mixing speed was kept constant at 80 rpm. The process was repeated three times for each starch sample.
Parameters that were obtained from the recorded curve were the maximum point of the first mixing stage (C1) which is proportional to water absorption (%) or the percentage of water required for the dough to produce a torque of 1.1± 0.07 Nm; dough development time (min:s) or the time to reach the maximum torque at 30°C; stability (min:s) or the elapsed time at which the torque produced is kept at 1.1 Nm; the minimum torque (C2) shows the protein behavior when the dough is heated to a high temperature. Peak viscosity of peak torque (C3), cooking stability or the torque at the end of the holding period at 90°C (C4) and starch retrogradation or the torque at the end of the test (C5) measured the starch behavior of dough during heating, holding and cooling, respectively. In addition, the angles between ascending and descending curves were calculated to determine α and β, which can measure the speed of the weakening of the protein network due to the effects of heat and starching speed, respectively (Bonet et al. 2006) . Besides these parameters, mechanical weakening, thermal weakening and setback were also calculated. Mechanical weakening is the torque difference between the maximum torque at 30°C and the torque at the end of the holding time at 30°C. Thermal weakening is the difference between the torque at the end of the holding time at 30°C and the minimum torque. Setback is recorded as the difference between C5 and C4 (Rosell et al. 2007 ). However some of parameters were analyzed: C1, C3, C4, C5, C3-C4, C5-C6, dough development time and stability.
Application of starch in cookie making
Preparation of starch-gluten blends
Starch-Gluten (PS-Gluten or CS-Gluten) blends were prepared by dry mixing of starch and gluten in ratio of 88:12 % according to the natural ratio in the flour (Chen et al. 2010 ) based on dry weight of starch and gluten. However, cookie's texture was unacceptable texture which is a very important element for the initial acceptability of baked goods by consumers. Therefore, only Starch-Gluten blends prepared in ratios 92:8 % and 90:10 % were selected (Pareyt et al. 2008) .
Cookie making
The cookie dough formulations were prepared according to the method of Pareyt et al. (2008) . 90 g of margarine and 144 g of sugar were creamed for 3 min with scraping down every minute. Deionised water (24 g) was then added, and mixing was carried out for 2 min with intermediate scraping. At the end, the cream was scraped down. G-S blends (200 g) and sodium bicarbonate (4 g) were added, followed by mixing for 2 min, with scraping down every 30 s. A kitchen mixer (Moulinex, Supermix 150, France) was used. Dough pieces were slightly flattened with the palm of the hand and sheeted with a National Mfg. sheeter (gap width 0.6 cm). Cookie dough was cut with a circular cookie cutter (inside diameter 35 mm) and dough pieces were immediately baked for 15 min at 160°C in an electrically heated rotary oven (National Mfg.) on a stamped steel baking tray with baking paper. At least 3 pans of 4 cookies were baked per test and these were all used for further quality assessment. Baked cookies were removed from the oven and their diameter was measured (AACC 1983) after cooling for 30 min.
Instrumental texture determination
Dough hardness, cohesiveness, springiness and adhesiveness were determined with the texture analyzer (texture analyzer: Lloyd Instruments. Leicester, England) using the texture profile analyse (TPA). Eight dough pieces (25 mm in diameter, 20 mm in height) of cookie dough were compressed twice to 50 % of their original height at a constant crosshead speed of 50 mm/min with a cylindrical probe (9.5 mm in diameter).
Cookie texture was measured using the three point bending test in which two beams at a known distance support the product. A third beam is brought down through the product at a point equidistant from both support beams. Downward movement of the top beam, being a metal blade (70 mm wide and 3 mm thick), is continued until the product breaks (snaps) (Gaines et al. 1992) . The Texture Analyzer, with the 5 kg load cell, was used in the measure force in compression mode. The base gap of the two support beams was adjusted to 61.6 mm. Each cookie was centered on the base and the travel distance of the blade was 30 mm. Pre-test, test and post test speeds were respectively 2.5, 2.0 and 10.0 mm/s. The peak force, an index of cookie break strength, was then measured. Texture experiments were replicated on at least 8 cookies.
The texture analyses were interfaced with a computer, which controlled the instruments and analyzed the data using the software supplied by Texture Technologies Corp. (Scarsdale. NY).
Color observation of cookies
The surface color of cookies was determined by using Hunter Lab system with a colorimeter (Minolta Chroma Meter CR-300, Osaka, Japan).
Statistical analyses
Data are the means of at least triplicate determinations and they are expressed as means±SD, with the exception of color parameters which are determined singly. Statistical analyses were performed using student's test with P<0.05 as the minimal level of significance.
The means for dough texture and cookie characteristics were statistically analyzed by SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA) using Duncan test performed after analysis of variance (ANOVA).
Results and discussion
Chemical composition Table 1 showed the chemical composition (average values) of pasta by-product starch and commercial starch. PS showed a similar crude starch content (95.05 % ± 2.17) with CS (91.26 %±3.45). These values demonstrated that the purity of extracted starch was similar to the commercial one, indicating that PS could be considered as a novel nonconventional source of high purity starch. Furthermore, protein content was higher for PS than for CS (1.88±0.19 and 1.61±0.06 %, respectively). There is evidence that starchwheat protein interactions in dough and starch play an active role in determining dough rheological characteristics (Van Der Borght et al. 2005) . A significant difference (P<0.05) was observed between PS and CS ash contents (1.15±0.02 versus 1.43±0.01 per 100 g of dry weight, respectively). It has been suggested that mineral matter influence a number of starch characteristics such as paste viscosity (Moorthy 2001) . PS was richer in lipid content than CS (1.79 %±0.11, 1.15 %±0.09, respectively). Lipids may be reduced stickiness of starchy Data are means±standard error n.a. not available foods, improved freeze-thaw stability, to retard staling in biscuits and as dough conditioners (Copeland et al. 2009 ). Also, lipids can play an important role on dough development as they can interact with the protein and starch matrix (Fustier et al. 2008 ). The moisture content of the starches under study was <14 %, which is acceptable (Wolfgang et al. 1999 
Color measurement
The color parameters, L*, a* and b* of PS were similar to those of CS ( Table 2 ) which illustrated that ingredients of pasta were removed with water during starch extraction, resulting in bright starch (L* =91.58) like the commercial one (L*=90.57). Wang et al. (2000) have shown L* values higher than 90 for the starches tested in their study, and pointed out that starch with this value have a satisfactory lightness degree. Parameter a* was low with negative values in both starches (−0.77 and −0.71 for PS and CS respectively), and showed a light green chrome. The parameter b*, found positive for the two starches (2.47 and 2.46), is an index of light yellow chrome.
Scanning electron microscopy (SEM)
SEM of PS and CS granules are shown in Fig. 1 . Distinct bimodal size distributions were observed for both starch samples: there is one population of large lenticular-shape granules ranging in size from about 25 to 33 μm known as A-granules, and another population of small spherical granules ranging from approximately 5 to 8 μm, which are referred to as Bgranules. This diversity in granule size and morphology gives rise to diverse functional properties that result in many enduses for these starches. These results were in agreement with those reported by Shinde et al. (2003) ; Sandhu et al. (2003) . This diversity in granule size and morphology gives rise to Fig. 1 Scanning electron microscopy of PS (I) and CS (II) (Scale bar=20 μm) diverse functional properties (Copeland et al. 2009 ) that result in many end-uses for these starches.
II I
X-ray diffraction (XRD)
X-ray diffraction measurements were carried out to investigate the crystallinity of both extracted and commercial starches, and the results were presented in Fig. 2 . For both starches (PS and CS), X-ray diffractograms exhibited an A-type diffraction pattern, typical of cereal starches (Shujun et al. 2005; Zhou et al. 2010) . As it can be seen, PS and CS powders give two similar patterns with strong diffraction peaks (2θ) at approximate 15°and 23°2θ, and an unresolved doublet appears at 17°and 18° (Fig. 2) . This similarity between both starch samples suggests that the crystallinity of PS was not affected during pasta-making process.
Functional properties (WAC and OAC)
It proves to be interesting to determine the functional properties of starch in order to incorporate it in cookie formulation. The most important properties are water absorption capacity (WAC) and oil absorption capacity (OAC). Table 2 showed the results of functional properties of PS and those of CS. The OAC of both starches were similar. However, PS had higher WAC than CS (0.679±0.037 and 0.467±0.021 g/g, respectively). The difference in water absorption capacity could be explained by the high content of damaged starch for PS than CS, because it was proved that WAC was very well correlated with the damaged starch content (Berton et al. 2002) . In fact, Bushuk (1966) showed that the hydrophilic constituents like damaged starch have WAC of 2 to 4.3 g/g and Van Der Borght et al. (2005) suggested that damaged starch could absorb water three times more than native starch and can, therefore, interfere with gluten protein agglomeration. These values were in agreement with those of Larsen (1964) and Rasper and De Man (1980) who reported that wheat granular starch could absorb between 0.39 and 0.87 g/g.
Rheological measurements
In order to understand the individual behavior of wheat starch dough during mixing and baking, a preliminary explanation of the dough changes associated with those processes is included (Table 3 ). The torque C1 was higher for PS than for CS (1.05 and 0.59 Nm respectively), so the extracted starch can absorb water more than the commercial one. This result was in agreement with the WAC represented in Table 1 . No pronounced significant difference (P<0.05) in stability (min:s) at low temperature (30°C) was observed between PS and CS (00:24 and 00:27 min:s respectively). At high temperature, PS and CS showed different behavior. The peak viscosity (C3) of PS was three times higher than that of CS (0.44 and 0.12 Nm respectively). During heat treatment, starch granules were gelatinized, losing their crystallinity and structural organization (Copeland et al. 2009 ). In this stage, starch granules absorb the water available in the medium and they swell. Amylose chains leach out into the aqueous intergranular phase promoting the increase in the viscosity and thus the increase in the torque. That enhancement continued until the mechanical shear stress and the temperature constraint led to the granule physical breakdown, which was associated with a reduction in viscosity (Rosell et al. 2007) . Starches under study had a similar gelatinization temperature (60 and 61°C for PS and CS, respectively). This result was in agreement with the research of Copeland et al. (2009) who said that the gelatinization temperature of most starches is between 60 and 80°C. The difference (C3-C4) was higher for PS than CS. Therefore the stability at 90°C was less important for PS than CS. This result can be explained to a great extent to differences in the starch composition (Jobling 2004) (Table 1) e.g. damaged starch what reduce the starch stability at high temperature. As the starch paste cools no significant difference (P<0.05) between the rheological behavior of PS and CS was shown.
Starch retrogradation (C5) was 3.88 and 3.85 Nm for PS and CS, respectively and the setback (C5-C4) was 3.81 and 3.83 for PS and CS, respectively. On cooling, starch molecules first form a gel and then retrograde gradually into semi-crystalline aggregates that differ in form from the native granules (Copeland et al. 2009 ).
Application of starch in cookie making
Dough properties
The textural properties of sugar-snap cookie dough made from blends of PS-Gluten and CS-Gluten were compared. TPA texture properties of dough samples are shown in Table 4 . PS-Gluten dough had lower hardness and adhesiveness and higher springiness and cohesiveness than those of CS-Gluten dough. This difference can be related to the interactions between starch and other components present in the blends (Manley 2000) . Fustier et al. (2007) explained the hardness reduction by a good interaction between water and other ingredients. The high level of hydrophilic compounds (damaged starch) in PS could contribute to the rheological characteristics of dough by inhibiting the development of gluten and therefore decreased significantly the hardness (Fustier et al. 2008) . The adhesiveness reduction remains a significant property for the industrialist because a high aedhesiveness can cause interruption of the production and contamination of materials (Rudolph and Tscheuner 1979) . 
Cookie properties
The color of sugar-snap cookie is one of the most significant quality factors for its acceptance (Gazmuri and Bouchon 2009) . Table 4 and Fig. 3 showed a significant difference between color parameters of cookies from PS and those from CS with L* (lightness) values fewer than 70. In fact, cookies from PS had the lowest L* values, therefore, they were darker than cookies from CS. The color of cookies could be due to the non-enzymatic browning during cooking which is a result of reaction between reducing sugars and amino acids at high temperature (Gazmuri and Bouchon 2009) . The difference between cookie lightness could be attributed to starch and gluten properties and the interaction between them (Manohar and Rao 1997) . From the above, PS had the highest content of reducing sugar which contributes to the Maillard reactions. Indeed, the high degree of the Maillard reactions usually reflects the presence of higher amounts of free amino acids and carbonyl groups from reducing sugars (Feather 1994) . Therefore, cookies from PS were darker than those from CS. It was observed that the color parameters of PS were similar with CS, as previously described in paragraph 3.7.2. Therefore, the difference between cookies' color couldn't be probably attributed to the starch color. Cookie diameter increased during baking (Table 4) . It decreased with increasing gluten levels for PS and CS. This result was in agreement with Pareyt et al. (2008) . However, cookies from PS had a greater diameter than those from CS. This result can be explained by the highest level of damaged starch and Mixolab parameter, C3 of PS. These parameters give correlation with cookie diameter and C3 seems to be enough to predict the cookie quality (Ozturk et al. 2008 ). In addition, the development of the gluten network, the properties of the raw materials, the manufacturing process (Manley 2000) and the thermomecanical properties at high temperature of starch (Fustier et al. 2008 ) could explain the difference between cookies from PS and CS.
Moreover, a significant difference (P <0.05) in break strength was observed between cookies. This difference can be reported to the damaged starch, the starch interactions with protein, fat, water and sugar and the gluten incorporation rate (Pareyt et al. 2008) . PS: Gluten blends with gluten incorporation rates of 8 and 10 % gave cookies with break strengths 18.48 and 15.19 N respectively. These results are in line with those reported by Pareyt et al. (2008) who used commercial starch and gluten.
Conclusion
Since there is a paucity of studies describing extraction of starch from industrial fresh pasta by-product, the present study aimed to valorize and to characterize the resultant starch. Interestingly, the obtained results showed that PS had similar starch content, structure and retrogardation to CS and higher water absorption capacity than CS. In addition, rheological characterization showed that there was no significant difference between the stability at low temperature of both starches. However, at high temperature, PS had the highest stability. In the other hand, significant improvements of cookie characteristics were noticed. Diameter and color parameters supported by texture analysis clearly proved that superior quality of cookie could be prepared by substitution of the commercial starch by our newly isolated starch from fresh pasta by-product. Further works are required to study the functional and rheological properties of PS to more diversify its applications.
